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(54) IWiETHOD OF SELECTIVELY DETERMINING GLYCATED HEMOGLOBIN 



(57) A method of detennining glycated hemoglobin 
is provided, by which a ratio of the glycated hemoglobin 
in a sample can be determined accurately and easily. 
The ratio of glycated hemoglobin can be detemiined by 
degrading a glycated hemoglobin In a whole blood sam- 
ple selectively with a protease to give a glycated hemo- 
globin degradation product; causing a redox reaction 
between a glycation site of the glycated hemoglobin 



degradation product and a f ructosyl amino acid oxldore- 
ductase; and determining this redox reaction. Further, 
as shown in FIG. 1 , in a whole blood sample, there is a 
correlation between the ratio of the glycated hemoglobin 
detemiined by this method and an HbAlc concentra- 
tion. Thus, without detennining the glycated a-amino 
group as a characteristic structure of IHbAI c, an amount 
of HbAlc can be determined accurately and easily from 
the determined ratio of the glycated hemoglobin. 
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Description 

Technical Field 

s [0001 ] The present invention relates to a method of determining an amount of glycated hemoglobin present In whole 
blood. 

Background Art 

10 [0002] Glycated hemoglobin in blood has served as an important index for the diagnosis, treatment, etc. of diabetes 
because it reflects previous blood glucose levels in vivo. 

[0003] The determination of such glycated hemoglobin has been carried out, for example, by high perfonnance liquid 
chromatography (HPLC), a minicolumn method, immunoassays, and Vne tike. According to these methods, the amount 
or ratio of hemoglobin that has been glycated can be determined. Recently, an enzymic method that enables the 
15 determination of glycated proteins by means of a fructosyl amino acid oxidoreductase (FAOD) has been developed, 
and attempts have been made to detennine an amount of hemoglobin that has been glycated (i.e. , glycated hemoglobin) 
by this enzymic method. 

Disclosure of Invention 

20 

[0004] However, the above-mentioned method has a problem as follows. Because the glycated hemoglobin is a 
component contained in a blood cell, it Is absolutely necessary to hemolyzethe blood cell to carry out the determination 
of the glycated hemoglobin. In the case where a sample to be analyzed is whole blood, however, the treatment for 
causing hemolysis (hereinafter, referred to as "hemolysis treatment") conducted on the whole blood brings about a 

2s state where blood cell components and plasma components are mixed with each other. Thus, the whole blood sample 
that has been subjected to the hemolysis treatment contains not only the glycated hemoglobin as a blood cell component 
but also albumin as a high-content plasma component and glycated albumin as a glycation product thereof, in particular. 
The glycated albumin is determined together with the glycated hemoglobin because FAOD also acts on the glycated 
albumin. On this account, a complicated process for separating the plasma and blood cells from the whole blood sample 

30 is required in order to eliminate the effect of other glycoproteins such as the glycated albumin and the like. 

[0005] Therefore, it is an object of the present invention to provide a method of determining an amount of glycated 
hemoglobin, which allows the effect of other glycoproteins to be eliminated without separating plasma and blood cells 
in a whole blood sample so that an amount of glycated hemoglobin in the whole blood sample is determined accurately 
and easily. 

35 [0006] In order to achieve the above object, a method of determining an amount of glycated hemoglobin according 
to the present invention includes: degrading glycated hemoglobin in whole blood selectively with a protease to give a 
glycated hemoglobin degradation product; causing a redox reaction between a glycation site of the glycated hemoglobin 
degradation product and FAOD; and determining the redox reaction to determine an amount of the glycated hemoglobin. 
The term "an amount of glycated hemoglobin" as used in the present invention also includes a ratio of glycated hemo- 

40 globin. 

[0007] -If the glycated hemoglobin is distinguished from other proteins- and peptides and is-degraded selectiv6ly-(i. 

e., specifically) with a protease as described above, it becomes possible to detennine an amount of the glycated 
hemoglobin while eliminating the effect of other glycoproteins, especially glycated albumin, without separating blood 
cells from the whole blood because FAOD hardly acts on proteins or long polypeptide chains. Thus, a sample to be 
used in this method may be whole blood that has been subjected to a hemolysis treatment, for example. 
[0008] In the method of the present invention, in orderto degrade glycated hemoglobin selectively, a protease capable 
of degrading the glycated hemoglobin selectively, for example, may be used as the protease. Further, in the present 
invention, a method of degrading glycated hemoglobin selectively is not limited to the use of the protease capable of 
degrading the glycated hemoglobin selectively. The glycated hemoglobin may be degraded selectively by any other 

so nneans. Also, the protease capable of degrading glycated hemoglobin selectively may be used in combination with one 
or more of ordinary proteases. 

[0009] It is preferable that the protease capable of degrading glycated hemoglobin selectively is at least one of 
bromelains, papains, trypsins derived from porcine pancreas, metalloproteinases, and proteases derived from Bacillus 
suhtills. Examples of the proteases derived from Bacillus subtilis Include Protease N (trade name, available from Sigma 
S5 Aldrtch Co.), Protease N "AMANO" (trade name, available from Amano Enzyme Inc.), and the like. Examples of the 
metalloproteinases include a metalloproteinase derived from the genus Bacillus (EC 3. 4. 24. 4) (e.g., available from 
Toyobo Co., Ltd. under the trade name Toyoteam), and the like. Among these, the metalloproteinases, bromelains, 
and papains are more preferable, and the metalloproteinases are most preferable. 
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[0010] in the method of the present invention, it is preferable that a substrate of the FAOD is at least one glycated 
amine selected from the group consisting of glycated proteins, glycated peptides, and glycated amino acids, and the 
FAOD acts on at least one of a glycated a-amino group and a glycated side-chain amino group of the glycated amine 
to catalyze a reaction that causes generation of hydrogen peroxide. 

' [001 1 ] In the method of the present Invention, the glycatlon site of the glycated hemoglobin degradation product to 
be reacted with the FAOD preferably is a glycated amino group in a side chain of an amino acid residue and a glycated 
a-amino group, for example, whereas the glycatlon site to be reacted with the FAOD varies depending on the catalytic 
reaction caused by the FAOD to be used. Preferably, the glycatlon site is the glycated amino group in a side chain of 
an amino acid residue because FAOD having a catalytic function as described later can act thereon more easily. 

10 Examples of the glycated amino group include a glycated amino group in a side chain of a lysine residue, a glycated 
amino group In a side chain of an arginine residue, and the lll<e. 

[0012] In the method of the present invention, It is preferable that the protease Is added to the whole blood so that 
a content of the protease permilliliterof the whole blood is in a range from 1 ,000 to 1 0,000,000 U. Further, it is preferable 
that the FAOD Is added to the whole blood so that a content of the FAOD per milliliter of the whole blood is In a range 
15 from 500 to 40,000 U. 

[0013] In the method of the present invention, it is preferable that determining the redox reaction is determining an 
amount of hydrogen peroxide generated by the redox reaction or an amount of oxygen consumed by the redox reaction. 
In the method of the present invention, It is preferable that the amount of the hydrogen peroxide is detemnined using 
a peroxidase (hereinafter, referred to as "POD") and a substrate that develops color by oxidation. 

20 [0014] In the method of the present invention, the substrate that develops color by oxidization is not specifically 
limited and can be, for example, N-(carboxymethylaminocarbonyl)-4,4'-bis(dimethylamino)diphenylamine sodium, or- 
thophenylenedlamine (OPD), and a substrate obtained by combining a Trinder's reagent and 4-aminoantipyrine. Ex- 
amples of theTrinder's reagent include phenols, phenol derivatives, aniline derivatives, naphthols, naphthol derivatives, 
naphthylamine, naphthylamine derivatives, and the lil<e. Further, in place of the above-mentioned 4-aminoantipyrine, 

25 it is possible to use aminoantipyrine derivatives, vanillin diamine sulfonic acid, methyl benzothiazolinone hydrazone 
(IVIBTH), sulfonated methyl benzothiazolinone hydrazone (SMBTH), and the like. Among these chromogenic sub- 
strates, N-(carboxymethylaminocarbonyl)-4,4'-bis (dimethylamino)diphenylamine sodium is most preferable. 
[0015] Next, a method of detemnining an amount of HbA1c according to the present invention includes: preparing a 
calibration curve based on a correlation between an amount of glycated hemoglobin determined by the method of 

30 determining an amount of glycated hemoglobin according to the present invention and an amount of l-lbA1c; and 
substituting the amount of glycated hemoglobin in a whole blood sample determined by the method into the calibration 
curve to detemriine an amount of HbAlc in the whole blood sample. 

[0016] Through a further intensive study, the Inventors of the present invention have found that there Is a strong 
correlation between an amount of glycated hemoglobin in a whole blood sample determined according to the method 

35 of the present invention and an amount of HbAlc in the whole blood sample. HbAlc is a glycated hemoglobin in which 
the N-termina a-amino group in the p-chain of hemoglobin has been glycated. Among various glycated hemoglobins, 
HbAlc has served as a particularly important index for the diagnosis etc. of diabetes. According to conventional meth- 
ods of determining HbAlc, it is necessary that FAOD specifically acts on the glycated N-terminal a-amino group in the 
P-chain, which is the characteristic structure of HbAlc, among its glycatlon site and thereafter, the redox reaction 

40 caused by the FAOD is determined. In this case, special techniques are required because it is necessary that FAOD 
to be used has high substrate specificity to the glycated a-amIno group and that the FAOD acts on the glycated a- 
amino group sufficiently, for example. In contrast, according to the method of determining HbAlc of the present inven- 
tion, HbAlc as an important index for the diagnosis of diabetes can be determined accurately and easily so that the 
determination of HbAlc can be made practical in clinical tests etc. 

45 [0017] In the method of detennining HbAlc of the present invention, it is preferable that the calibration curve is 
prepared based on a correlation between a l<nown amount of HbAlc in a standard sample and an amount of glycated 
hemoglobin in the standard sample detennined by the method of determining an amount of glycated hemoglobin ac- 
cording to the present invention. 

[001 8] Next, a l<it used for determining an amount of glycated hemoglobin according to the present invention includes 
50 a protease that distinguishes a glycated hemoglobin from other proteins and peptides to degrade the glycated hemo- 
globin selectively. By using this Idt, the method of the present invention can be carried out easily. 
[0019] In the l<it of the present invention, the protease is at least one protease selected from the group consisting of 
bromelains, papains, trypsins derived from porcine pancreas, metalloproteinases, and proteases derived from Bacillus 
subtilis. Further. It is preferable that the kit further includes FAOD. Furthermore, it is preferable that a substrate of the 
55 FAOD is at least one glycated amine selected from the group consisting of glycated proteins, glycated peptides, and 
glycated amino acids, and the FAOD acts on at least one of a glycated a-amino group and a glycated side-chain amino 
group of the glycated amine to catalyze a reaction that causes generation of hydrogen peroxide. Still further, it is 
preferable that the kit further includes POD and a substrate that develops color by oxidization. The substrate that 
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develops color by oxidization preferably is N-(carboxymethylaminocarbonyl)-4,4'-bls (dimethylamino)diphenylamine 
sodium. 

[0020] Next, a reagent used for determining an amount of glycated hemoglobin according to the present Invention 
includes a protease that distinguishes a glycated hemoglobin from other proteins and peptides to degrade the glycated 

5 hemoglobin selectively. By using this reagent, the method of the present Invention can be carried out easily. 

[0021 ] In the reagent of the present Invention, the protease is at least one protease selected from the group consisting 
of bromelains, papains, trypsins derived from porcine pancreas, metalloprotelnases, and proteases derived from Ba- 
cillus subtilis. Further, it is preferable that the reagent further includes FAOD. Furthennore, it is preferable that a sub- 
strate of the FAOD is at least one glycated amine selected from the group consisting of glycated proteins, glycated 

10 peptides, and glycated amino acids, and the FAOD acts on at least one of a glycated a-amino group and a glycated 
side-chain amino group of the glycated amine to catalyze a reaction that causes generation of hydrogen peroxide. Still 
further, It is preferable that the reagent further Includes POD and a substrate that develops color by oxidization. The 
substrate that develops color by oxidization preferably Is N-(carboxymethylaminocarbony!)-4,4'-bl8 (dimethylamino) 
diphenyiamine sodium. 

15 

Brief Description of Drawings 
[0022] 

20 FIG. 1 Is a graph showing the correlation between an HbAlc concentration and an absortaance in a method of 

determining an amount of glycated hemoglobin according to one example of the present invention. 
FIG. 2 Is a graph showing the correlation between HbAlc (%) determined using a calibration curve and HbAlc 
(%) measured using an automatic measuring apparatus In a method of determining an amount of glycated hemo- 
globin according to another example of the present invention. 

25 

Best Mode for Canylng Out the Invention 

[0023] In a method of determining an amount of glycated hemoglobin according to the present invention, FAOD 
capable of catalyzing a reaction represented by Fomiula (1) below preferably is used. 

30 

R^-CO-CHg-NH-R^ + H2O + Og 
-» R^-CO-CHO + NHg-R^ + HgOg (1) 

35 

[0024] In Formula (1), R"" - CO - CHg - NH - denotes a glycated protein, glycated peptide, and glycated amino 
acid, for example. In Formula (1), R"" denotes a hydroxyl group or a residue derided from a sugarthat is not yet subjected 
to the glycatlon reaction (i.e., sugar moiety). The sugar moiety (R"") is an aldose residue when the unreacted sugar is 
aldose, and is a ketose residue when the unreacted sugar Is ketose. When the unreacted sugar is glucose, for example, 
40 the sugar in the glycated product takes on the fructose structure after the glycatlon reaction due to Amadori rearrange- 

—mentrln this-caserthe sugar moiety (R'')-is-a-gluoose-residue-(aldose-residue)— This-sugar molety-(Ri)-can-beTepre-- 

sented, for example, by 

45 -[CH(0H)]„-CH20H 

where n denotes an integer of 0 to 6. 

[0025] In Fomiula (1), R2 Is not specifically limited. However, it is to be noted that R2 varies depending on which of 
an a-amino group and an amino group other than the a-amino group is glycated. 
so [0026] In Fomiula (1), in the case where an a-amino group is glycated, R2 is an amino acid residue or a peptide 
residue represented by Formula (2) below. 

- CHR^ - CO - R* (2) 

55 

[0027] In Fomiula (2), R3 denotes an amino-acid side chain group. R-* denotes a hydroxyl group, an amino acid 
residue, or a peptide residue, and can be represented, for example, by Fomnula (3) below. In Formula (3), n denotes 
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an integer of 0 or more, and denotes an amino-acid side chain group as described above. 

- (NH - CR^H - CO)„ - OH (3) 

[0028] In Formula (1), in the case where an amino group other than the a-amlno group is glycated (I.e., an amino- 
acid side chain group Is glycated), R^ is represented by Fomiula (4) below. 

- - CH(NH - R®) - CO - R^ 

[0029] In Formula (4), R^ denotes a portion other than the glycated amino group in the amino-acid side chain group. 
For example, in the case where the glycated amino acid is lysine, R^ is as follows. 

- CHg - - CH2- CH2 - 

On the other hand, in the case where the glycated amino acid is arginine, for example, R^ is as follows. 

- CH2 - CHg - CH2 - NH - CH(NH2) - 

[0030] In Formula (4), R^ denotes hydrogen, an amino acid residue, or a peptide residue, and can be represented, 
for example, by Fomiula (5) below. In Fomnula (5), n denotes an integer of 0 or more, and R^ denotes an amino-acid 
side chain group as described above. 

- (CO - CR^H - NH)„ - H (5) 

[0031] In Formula (4), R'' denotes a hydroxyl group, an amino acid residue, or a peptide residue, and can be repre- 
sented, for example, by Formula (6) below. In Formula (6), n denotes an integer of 0 or more, and R^ denotes an 
amino-acid side chain group as described above. 

- (NH - CHR^ - CO)„ - OH (6) 

[0032] A catalytic reaction caused by FAOD to be used in the method of the present Invention Is not specifically 
limited as long as it is a reaction represented by Fomnuia (1). However, in Formula (1), it Is preferable that the FAOD 
acts on the glycation site in which a sugar is bound to an amino group other than an a-amino group (i.e., R2 has a 
structure as represented by Formula (4)). Further, the catalytic function of the FAOD is not limited to such function. In 
addition to the above catalytic function, the FAOD further may have a catalytic function to act on the glycation site in 
which a sugar is bound to an a-amino group (i.e., R2 has a structure as represented by Formula (2)). 
[0033] Examples of such FAOD include those derived from the genus Fusarium., the genus Gibberella, and the genus 
Aspergillus. More specifically, commercially available FAODs such as Fructosyl Amino Acid Oxidase (trade name, 
available from Asahi Chemical Industry Co., Ltd.), Ketoamine Oxidase (trade name, available from Genzyme Corpo- 
ration), and the lil<e can be used, for example. 

[0034] Hereinafter, an example of a method of determining an amount of glycated hemoglobin according to the 
present invention will be described. 

[0035] First, the whole blood is hemoiyzed. The method of hemolyzing the whole blood is not specifically limited, 
and can be, for example, a method using a surfactant, a method using ultrasonic waves, and a method utilizing the 
difference in osmotic pressure. Among these, the method using a surfactant is preferable on account of the ease of 
operation. 

[0036] As the surfactant, nonionk: surfactants such as polyoxyethylene-p-t-octytphenyl ether (Triton-type surfactant 
etc.), polyoxyethylene sorbitan alkyi ester (Tween-type surfactant etc.), polyoxyethylene allcyl ether (Brij-type surfactant 
etc.), and the like can be used, for example. More specifically, Triton X-100 (trade name), Tween-20 (trade name), Brij 
35 (trade name), and the like can be used, for example. Generally, the treatment with the above surfactant can be 
carried out under the following conditions: in the case where the solution to be treated contains 1 to 10 vol% of blood 
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cells, the surfactant is added to the solution so as to give a concentration of 0.1 to 1 wt% and the resultant mixture is 
stirred at room temperature for about 5 seconds to 1 minute. 

[0037] Further, when utilizing the difference in osmotb pressure, to the whole blood was added 2 to 1 00 times its 
volunne of purified water to cause hemolysis, for example. 
s [0038] Subsequently, the above-mentioned hemolysate sample is treated with the above-mentioned protease, there- 
by selectively degrading glycated heaioglobin in the sample. Generally, this protease treatment is carried out in a buffer. 
The treatment conditions are decided as appropriate, for example, depending on the type of the protease to be used, 
the amount of the glycated hemoglobin, and the like. 

[0039] In the. case where the hemolysate sample is treated using a papain as the protease, the treatment generally 
10 is carried out under the following conditions: the protease concentration in the reaction solution In the range from 1 00 
to 30,000 U/L, the hemoglobin concentration in the reaction solution in the range from 0.1 to 40 g/L, the reaction 
temperature in the range from IS'C to 60°C, the reaction time in the range from 10 minutes to 40 hours, and the pH 
in the range from 5 to 9. Further, the type of the buffer is not specifically limited, and can be, for example, Tris-HCI 
buffer, EPPS buffer, PIPES buffer, phosphate buffer, ADA buffer, citrate buffer, acetate buffer, and the like. 
15 [0040] In the case where the hemolysate sample is treated using a metalloproteinase as the protease, the treatment 
is carried out, for example, under the following conditions: the protease concentration in the reaction solution in the 
range from 1 0 to 1 0,000 KU/L, the hemoglobin concentration in the reaction solution in the range from 0.02 to 40 g/L, 
the reaction temperature in the range from IS'C to eO'C, the reaction time in the range from 2 minutes to 40 hours, 
and the pH in the range from 6 to 11 ; preferably, the protease concentration in the reaction solution In the range from 
20 100 to 8,000 KU/L, the hemoglobin concentration in the reaction solution in the range from 0.1 to 10 g/L, the reaction 
temperature in the range from IS^C to SO'C, the reaction time in the range from 2 minutes to 1 hour, and the pH in the 
range from 7 to 1 0. As the buffer, the above-mentioned various buffers also can be used. Further, other proteinases 
also can be used. 

[0041] Next, the glycated hemoglobin degradation product obtained through the above-mentioned protease treat- 
25 ment is treated with FAOD. This FAOD treatment catalyzes the reaction represented by Fomnuia (1) above. More 
specifically, FAOD acts on a glycated amino group in a side chain of a lysine residue and a side chain of an arginine 
residue in the glycated hemoglobin degradation product, for example. Further, depending on the type of the FAOD to 
be used, the FAOD further may act on a glycated a-amino group according to its catalytic function. 
[0042] Similarly to the above-mentioned protease treatment, this FAOD treatment preferably is canned out in a buffer 
30 The buffer is not specifically limited, and the same buffers as used in the protease treatment also can be used in the 
FAOD treatment. 

[0043] The FAOD treatment is carried out, for example, under the following conditions: the FAOD concentration in 
the reaction solution in the range from 200 to 30,000 U/L, the hemoglobin concentration In the reaction solution in the 
range from 0.02 to 30 g/L, the reaction temperature In the range from 1 5°G to 37°C, the reaction time In the range from 

35 1 to 20 minutes, and the pH in the range from 7 to 9; preferably, the FAOD concentration in the range from 1 ,000 to 
20,000 U/L, the hemoglobin concentration in the reaction solution in the range from 0. 1 to 5 g/L, the reaction temperature 
in the range from 1 5°C to 37''C, the reaction time in the range from 1 to 5 minutes, and the pH In the range from 7 to 9. 
[0044] Next, the amount of the hydrogen peroxide generated by the FAOD treatment is detemnlned utilizing a redox 
reaction, by using the POD and a substrate that develops color by oxidization. 

40 [0045] The redox reaction caused by the POD generally is induced in a buffer under the conditions decided as 
— approprtater for-exampierdepending on the concentratipn of the hydrogen peroxide and the-liker Generally, the redox 
reaction is induced under the following conditions: the POD concentration in the reaction solution in the range from 1 
to 100,000 lU/L, the substrate concentration in the range from 0.0001 to 1 mmol/L, the reaction temperature in the 
range from 20°C to 37°C, the reaction time in the range from 1 to 5 minutes, and the pH in the range from 6 to 9; 

45 preferably, the POD concentration in the reaction solution in the range from 1,000 to 50,000 lU/L, the substrate con- 
centration in the rangefrom 0.0002 to 0.1 mmol/L, the reaction temperature in the range from 20°C to 37''C, the reaction 
time in the range from 1 to 5 minutes, and the pH in the range from 6 to 9. Further, the buffer is not specifically limited, 
and the same buffers as used in the FAOD treatment also can be used. 

[0046] It Is to be noted here that the amount of the hydrogen peroxide can be determined not only by the above- 
so mentioned enzymic method using the POD etc. but also by an electrical method, for example. 

[0047] In the case where the substrate that develops color by the above oxidization is used, the concentration of the 
hydrogen peroxide can be determined by measuring the color development (i.e., the absorbance of the reaction solu- 
tion) with a spectrophotometer. From the concentration of the hydrogen peroxide, the concentration of the glycated 
hemoglobin in the sample can be determined. 
55 [0048] In the process of detennining an amount of glycated hemoglobin as described above, the respective treatment 
steps may be performed individually as described above, or some of the treatment steps may be perfomned simulta- 
neously in the following combinations, for example. 
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1 : hemolysis treatment -i- protease treatment 

2 : protease treatment + FAOD treatment 

3 : FAOD treatment + POD treatment 

5 [0049] Also, the order In which the FAOD, the POD, and the substrate are added Is not specifically limited. 

[0050] Hereinafter, an example of a method of determining HbA1c according to the present invention will be de- 
scribed. 

[0051] First, an amount of glycated hemoglobin In a whole blood sample Is detemilned in the above-mentioned 
manner. On the other hand, a glycated hemoglobin standard solution in which an amount of HbA1c in glycated hemo- 

10 globin is known is provided. Then, an amount of glycated hemoglobin in this standard solution is determined in the 
above-mentioned manner. After that, a calibration curve is prepared that shows the relation between the amount of 
glycated hemoglobin thus determined and the known amount of HbA1c In this standard solution. Since there is a 
correlation between the determined amount of glycated hemoglobin and the known amount of HbA1c as described 
above, an amount of HbA1c in the whole blood sample can be determined by substituting the amount of glycated 

15 hemoglobin in the whole blood sample detemiined by the method of the present invention into this calibration curve. 
In the preparation of the calibration curve, the determined amount of glycated hemoglobin is not limited to the value 
finally obtained though the method of the invention, and can be an absorbance of the reaction solution obtained by the 
POD treatment during the detemiination process, or an amount of hydrogen peroxide determined based on this ab- 
sorbance. As described above, according to the method of detennining an amount of HbA1c of the present invention. 

20 an amount of HbA1c in whole blood can be determined accurately and easily based on an amount of glycated hemo- 
globin determined by utilizing the correlation discovered by the inventors of the present invention. 

EXAMPLES 

25 Example 1 

[0052] Samples containing glycated hemoglobin and glycated albumin were treated with a papain. Then, a redox 
reaction thereof was caused by FAOD, and the amount of hydrogen peroxide generated was determined. The samples, 
reagents, and method used in the determination will be described in the following. 

30 

(Samples) 

[0053] Human serum albumin with glycatlon ratio of 22.5% (Sigma Chemical Co.) 
[0054] Human hemoglobin with glycatlon ratio of 14% 
35 [0055] The above human hemoglobin sample was prepared in the following manner, and the glycatlon ratio thereof 
was detenmined by HPLC using an ion exchange column. 

(Preparation of Human Hemoglobin) 

40 [0056] Whole blood of a healthy subject was centrifuged (1500 G, 10 min) and blood cells were collected. After 
washing the blood cells with a physiological salt solution several times, a substantially equivalent amount of purified 
water was added to the blood cells to cause hemolysis. The hemolysate was then centrifuged to remove cell mem- 
branes. The solution thus obtained was supplied to GLYCO»GEL II (trade name, available from Pierce Chemical Com- 
pany). A fraction containing a glycated protein was separated and collected according to the usual method, and the 

45 solution thus obtained was used as the human hemoglobin sample. 

(Composition of Redox Solution A) 
[0057] 

50 



FAOD (Asahi Chemical Industry Co., Ltd., hereinafter the same) 


2.09 KU/L 


POD (Type III: Tbyobo Co., Ltd., hereinafter the same) 


730 U/L 


N-(carboxymethylaminocarbonyl)-4,4'-bis(dimethylamino)diphenylamine sodium (Trade name DA 
64: Wako Pure Chemical Industries, Ltd., hereinafter the same) 


1 .46 mmol/L 


Tris-HCI buffer (pH 8.0) 


73 mmol/L 
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(Method) 

[0058] First, 1 mL of a 1 KU/L papain (available from Sigma Aidrich Co.) was added to 1 mL of the above-mentioned 
respective samples (human serum albumin, human hemoglobin), and the mixtures were reacted at 40°C for 24 hours. 
s To 0.01 8 mL of the thus-obtained solutions was added 0. 1 5 mL of the above redox solution A to cause a redox reaction. 
Then, 5 minutes after the start of the reaction, the absorbance of these reaction solutions was measured at the main 
wavelength of 694 nm and the sub-wavelength of 884 nm using a biochemical automatic analysis apparatus (the trade 
name JCA-BM 8: available from Japan Electron Optics Laboratory Co. Ltd., hereinafter the same). The results are 
shown in Table 1 below. 

10 

Example 2 

[0059] The above-mentioned respective samples (human serum albumiti, human hemoglobin) were treated In the 
same manner as in Example 1 except that 1 mL of a Ig/L bromelain (available from Amano Enzyme Inc., hereinafter 
15 the same) was used in place of the papain, and the absorbance thereof was measured in the same manner as in 
Example 1 . The results are shown in Table 1 below. 

Comparative Example 1 

20 [0060] The above-mentioned respective samples (human serum albumin, human hemoglobin) were treated in the 
same manner as in Example 1 except that 1 mL of a 1 g/L a-chymotrypsin was used in place of the papain, and the 
absorbance thereof was measured in the same manner as in Example 1 . The results are shown in Table 1 below. 



(Table 1) 



Protease 


Human serum albumin (Abs.) 


Human hemoglobin (Abs.) 


Example 1 : Papain 

Example 2: Bromelain 

Comparative Example 1 : a-chymotrypsin 


0.014 
0.0008 
0.063 


0.090 
0.037 
0.042 



30 

[0061] As shown in Table 1 , in the case where the papain and bromelain were used as in Examples 1 and 2, the 
human hemoglobin sample exhibited a high absorbance while the human serum albumin sample exhibited a very low 
absorbance. These results demonstrate that the papain and bromelain can degrade glycated hemoglobin selectively 
and hardly degrade glycated albumin. In contrast, in the case where the a-chymotrypsin was used as in Comparative 
^ Example 1 , both the samples exhibited a high absorbance. These results demonstrate that the a-chymotrypsin acts 
not only on glycated hemoglobin but also on glycated albumin and thus does not degrade glycated hemoglobin selec- 
tively. 

Example 3 and Comparative Example 2 

40 

[0062] — Whole"bloodrptasma7and blood"cells'were~used as samplesrand the^amount of glycaled hemoglobin in the 

respective samples were determined after treating the respective samples with various proteases. 

(Preparation of Whole Blood Samples) 

45 

[0063] Whole blood was collected from a healthy subject using a blood-collecting vessel containing heparin sodium. 
The whole blood was diluted 8-fold with purified water to hemolyze the blood cells contained therein. The resultant 
solution was used as whole blood samples. 

.50 (Preparation of Plasma Samples) 

[0064] Whole blood collected from the above-mentioned healthy subject was centrifuged (1 500 G, 1 0 min) to remove 
blood cells, and the supernatant obtained was diluted 8-fold with purified water. The resultant solution was used as 
plasma samples. 

55' 
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(Preparation of Blood Cell Samples) 

[0065] The blood cells obtained though the above-mentioned centrif ugation were diluted 1 6-fold with purified water 
to cause hemolysis. The resultant solution was used as blood cell samples. 

5 

(Proteases) 

[0066] A bromelain, papain (available from Hoffmann-La Roche Inc.), eiastase (available from Wako Pure Chemical 
Industries, Ltd.), a-chymotrypsin (available from Wako Pure Chemical Industries, Ltd.), and proteinase K (available 
10 from Wako Pure Chemical Industries, Ltd.) were dissolved in purified water, respectively, to prepare 4g/L solutions of 
the respective proteases. 

(Composition of Redox Solution B) 

15 [0067] 



POD 


20 KU/L 


DA 64 (trade name) 


0.04 mmol/L 


Potassium phosphate buffer (pH 7.0) 


0.1 mol/L 


(Composition of Redox Solution C) FAOD 


14.3 KU/L 


Potassium phosphate buffer (pH 7.0) 


0.1 mol/L 



(Determining Method) 

[0068] First, 0.1 mL of each of the protease solutions and 0.7 mL of potassium phosphate buffer (pH 7.0) were mixed 
with 0.2 mL of the above-mentioned respective samples, and the resultant mixtures were reacted at 37''C for 24 hours. 
Thereafter, the reaction solutions were supplied to Ultra Free 4 UnitSK (trade name, available from Millipore Corpo- 
ration) so that the reaction solutions were centrifuged and the supernatants were collected. Subsequently, 45 ^L of 
the redox solution B was added to 25 fil of the respective supernatants, and 20 of the redox solution C was further 
added after 5 minutes to cause a redox reaction. Then, 5 minutes after the start of the reaction, the absorbance of the 
respective reaction solutions was measured at the main wavelength of 694 nm and the sub-wavelength of 884 nm 
using the above-mentioned biochemical automatic analysis apparatus. The results are shown in Table 2 below. The 
bromelain and papain were used In Example 3, and the eiastase, a-chymotrypsin, and proteinase K were used in 
Comparative Example 2. 



(Table 2) 



Sample 


Protease 


Plasma (Abs.) 


Blood cells (Abs.) 


Whole blood (Abs.) 


Example 3 








Bromelain 


0.0 


0.009 


0.002 


Papain 


0.001 


0.021 


0.015 


Comparative Example 2 








Eiastase 


0.012 


0.019 


0.015 


a-chymotrypsin 


0.015 


0.016 


0.013 


Proteinase K 


0.036 


0.027 


0.034 



[0069] As can be seen from Table 2, In Examples, substantially no absorption was observed in the plasma samples. 
These results demonstrate that the proteases used In Example 3 can degrade glycated hemoglobin selectively and 
hardly degrade glycated albumin etc. derived from plasma, for example. In contrast, in Comparative Example 2, ab- 
sorption was observed in the plasma samples even though the plasma samples contained no glycated hemoglobin. 
The reason for this is considered to be that, because the proteases used in Comparative Example 2 degrade glycated 
proteins without distinguishing glycated hemoglobin from other glycated proteins, glycated albumin and the like also 
are degraded in the plasma samples, for example, thereby allowing the absorption to be observed in the plasma sam- 
ples. 



JSDCX:iD:<EP 'l3043eSA1 I > 



Best Available Copy 



EP 1 304 385 A1 

Example 4 

(Preparation of Glycated hemoglobin Standard Solutions) 

s [0070] HbA1c standard reagents (available from SRL, Inc.) were dissolved In purified water to prepare glycated 
hemoglobin standard solutions* containing HbAI c at concentrations 4.3%, 7.8%, 1 1 .2%, and 1 4.7%, respectively, while 
containing 10 g/L hemoglobin. Further, HbA1c standard reagents (available from Intemational Regents Corporation) 
were dissolved in purified water to prepare glycated hemoglobin standard solutions containing HbAI c at concentrations 
5.5% and 10.8%, respectively, while containing 10 g/L hemoglobin. 

10 

(Preparation of Various Protease Solutions) 

[0071] A 2 g/L solution of a bromelain F (available from Amano Enzyme Inc.) and a 1 g/L solution of a papain (available 
from Hoffmann-La Roche Inc.) were prepared by dissolving the respective proteases in purified water 

IS 

(Determining Method) 

[0072] First, 0.4 mL of each of the protease solutions and 0.1 mL of a 1 .0 mol/L potassium phosphate buffer (pH 
8.0) were mixed with 0.5 mL of the above-mentioned respective glycated hemoglobin standard solutions with different 

20 hemoglobin concentrations. The mixtures were reacted at 37°C for 24 hours. Thereafter, the reaction solutions were 
supplied to Ultrafree-MC 5000 MW (trade name, available from Millipore Corporation, hereinafter the same) so that 
the reaction solutions were centrifuged and the supematants were collected. Then, 25 p.L of the supematants were 
diluted 2-fold with purified water. Subsequently, 45 nL of the redox solution B was added to the respective diluted 
solutions, and 20 |xl of the redox solution C was further added after 5 minutes to cause a redox reaction. Then, 5 

25 minutes after the start of the reaction, the absorbance of the respective reaction solutions was measured at the main 
wavelength of 694 nm and the sub-wavelength of 884 nm using the above-mentioned biochemical automatic analysis 
apparatus. The results are shown in Table 3 below and in the graph shown in FIG. 1 . 



(Table 3) 



30 



HbA1c(%) 


Protease 


4.3 


5.5 


7.8 


10.8 


11.2 


14.7 


Papain 
Bromelain 


0.010 
0.002 


0.016 
0.004 


0.026 
0.005 


0.043 
0.014 


0.041 
0.008 


0.059 
0.010 



[0073] FIG, 1 is a graph showing the con-elation between an HbA1 c concentration and an absorbance in the glycated 
hemoglobin standard solution. In the case where the papain was used, the correlation equation was y = 210x -^ 2.2 
and the correlation coefficient was r = 0.998. On the other hand, in the case where the bromelain was used, the cor- 
relation equation was y = 1321x + 1 .0 and the correlation coefficient was r= 0.968. 

[0074] As shown in Table 3 and FIG. 1 , the absorbance i n creases linearly w ith an increase in the HbAI c concen t ration 
In the glycatedhemoglobin standard solution.' These resultsdemonstrate that there is a strong correlation between an 
HbAI c concentration and an absorbance (which corresponds to an amount of glycated hemoglobin detennined by the 
method of the present invention). Therefore, by preparing the calibration curve showing the correlation between the 
HbAI c concentration and the absorbance In advance, it becomes possible to determine an amount of HbAI c In a whole 
blood sample indirectly using the calibration curve and the amount of glycated hernoglobin in the whole blood sample 
determined in the above-mentioned manner. 

Example 5 

[0075] Hemolysate samples were treated with a metalloproteinase, a papain, and a protease derived from Bacillus 
subtilis, and the amounts of glycated hemoglobin in the respective samples were determined according to the method 
of the present invention. Further, the amounts of HbAlc in the respective samples were determined based on the 
amounts of glycated hemoglobin thus determined. The samples, reagents, and method used in the determination will 
be described in the following. 
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(Preparation of Samples) 

[0076] Whole blood was collected from healthy subjects and diabetic subjects (12 subjects in total), and allowed to 
stand for about 6 hours so that red blood cells contained therein were settled. Then, to 0.1 mL of the blood cell fractions 
5 were added 1 .4 mL of 0.05 wt% Triton X-100 aqueous solutions, respectively, to cause hemolysis. The resultant so- 
lutions were used as hemolysate samples. 

(Preparation of Standard Solutions) 

10 [0077] HbA1c standard reagents (available from International Regents Corporation) were dissolved in 0.05 wt% 
Triron X-1 00 aqueous solutions to prepare glycated hemoglobin standard solutions containing HbA1 c at concentrations 
5.5% and 1 0.5%, respectively, while containing 200 g/L hemoglobin. 

(Preparation of Protease Solutions) 

15 

[0078] A metalloproteinase (available from Toyobo Co., Ltd.), Protease N "AMANO" (trade name, available from 
Amano Enzyme Inc.), and a papain (available from Hoffmann-La Roche Inc.) were dissolved in purified water to prepare 
1 g/L solutions of the respective proteases. 

20 (Composition of Redox Solution D) 



[0079] 





POD 


20 KU/L 


25 


DA-64 (trade name) 


0.04 mmol/L 




Phosphate buffer (pH B.O) 


0.8 mol/L 



(Composition of Redox Solution E) 

30 

[0080] 



FAOD 


14.3 KU/L 


Potassium phosphate buffer (pH 8.0) 


0.1 mmoi/L 



35 

(Method of Detemiining Amount of glycated hemoglobin) 

[0081] First, 0.1 6 mL of each of the protease solutions and 0.04 mL of a 1 .0 mol/L potassium phosphate buffer (pH 
8.0) were mixed with 0.2 mL of the above-mentioned respective samples. The mixtures were reacted at SVC for 36 

40 hours. Thereafter, the reaction solutions were supplied to the Ultrafree-IVIC 5000 MW (trade name) so that the reaction 
solutions were centrifuged and the supernatants were collected. Then, 25 p-L of the supernatants were diluted 2-fold 
with purified water. Subsequently, 45 p.L of the redox solution D was added to the respective diluted solutions, and 20 
\l\ of the redox solution E was further added after 5 minutes to cause a redox reaction. Then, 2 minutes after the start 
of the reaction, the absorbance of the respective reaction solutions was measured at the main wavelength of 751 nm 

45 and the sub-wavelength of 884 nm. The absorbance thus measured corresponds to the amount of glycated hemoglobin. 

(Method of Determining Hemoglobin Concentration) 

[0082] Hemoglobin concentrations in the respective samples were determined according to the cyanmethemoglobin 
50 method using Hemoglobin Test Waico (trade name, available from Wako Pure Chemical Industries, Ltd.). 

(Preparation of Calibration Curve) 

[0083] HbAlc concentrations (%) of the above-mentioned respective standard solutions were measured using an 
55 automatic measuring apparatus (the trade name HA-8150: available from ARKRAY, INC.). On the other hand, with 
regard to the above-mentioned respective standard solutions, the absorbances corresponding to the amounts of gly- 
cated hemoglobin were measured by the method of determining an amount of glycated hemoglobin according to the 
present invention and hemoglobin concentrations were determined by the above-mentioned method of detemnining a 
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hemoglobin concentration. Then, primary regression equations were prepared for tlie respective standard solutions 
based on the percentages (%) obtained by dividing the absorbances corresponding to the amounts of glycated hemo- 
globin by the hemoglobin concentrations and the measured values (%) given by the automatic measuring apparatus. 
The primary regression equations thus obtained were used as calibration curves. It is to be noted that the above- 
s mentioned percentages are proportional to the ratios (%) of the glycated hemoglobin. The primary regression equations 
used as calibration curves in the case where the above-mentioned respective proteases were used are shown in the 
following. 

(Calibration Curve) 

10 

[0084] 



IS 



Protease 


Primary Regression Equation 


l\/letalloproteinase 
Protease N "AMANO" 
Papain 


y= 15846X + 3.2 
y= 16659X + 3.3 
y= 17258X + 3.4 



(Method of Determining IHbAlc) 

20 

[0085] With regard to the above-mentioned respective hemolysate samples, the absorbances corresponding to the 
amounts of glycated hemoglobin were measured by the above-mentioned method of determining the amount of gly- 
cated hemoglobin, and hemoglobin concentrations were determined by the above-mentioned method of determining 
a hemoglobin concentration. Then, the percentages obtained by dividing the absorbances corresponding to the 

25 amounts of glycated hemoglobin by the hemoglobin concentrations were regarded as the ratios of the glycated hemo- 
globin, and the amounts of HbAlc In the respective hemolysate samples were determined by substituting the thus- 
obtained ratios into the above-mentioned respective calibration curves. Further, as controls, the amounts of HbAlc in 
the respective hemolysate samples were measured using the above-mentioned automatic analysis apparatus. The 
results are shown In FIG. 2. FIG. 2 is a graph showing the correlations between the amounts of HbAlc determined 

30 using the calibration cun/es according to the method of the present invention and the amounts of HbAlc measured 
using the automatic measuring apparatus. 

[0086] As can be seen from FIG. 2, con"elation coefficients between HbAlc (%) detennlned using the calibration 
curves according to the method of the present invention and HbAlc (%) measured using the automatic measuring 
apparatus were very high. More specifically, a correlation coefficient In the case where the metalloprotelnase was used 
35 was 0.9937; a correlation coefficient in the case where the Protease N was used was 0.993; and a correlation coefficient 
in the case where the papain was used was 0.9941 . These results demonstrate that the method of determining an 
amount of HbAlc according to the present invention can determine the amount of HbAlc with an accuracy comparable 
to that of the automatic analysis apparatus. 

40 Example 6 



[0087] Hemolysate samples to which plasma samples have been added were treated with a metalloprotelnase. 
Amounts of glycated hemoglobin in the respective samples were determined to examine the change in the amounts 
of glycated hemoglobin caused by the addition of the plasma samples. 

45 

(Preparation of Samples) 

[0088] Whole blood collected from a healthy subject (1 subject) and diabetic subjects (diabetic subject 1 and diabetic 
subject 2) was centrifuged (1000 G, about 15 min), and blood cell fractions and plasma fractions of the respective 
50 subjects were collected. Thereafter, predetemnined amounts (0 mL, 0.005 mL, 0.010 mL, 0.015 mL, and 0.020 mL) of 
the plasma fractions of the respective subjects were added to 0.01 mL of the blood cell fractions of the corresponding 
subjects. Then, to the respective mixtures was added 0.3 mL of the following hemolysis reagent. The resultant solutions 
were used as hemolysate samples. 

[0089] Subsequently, 0.065 mL of the following metalloprotelnase reagent was added to 0.01 mL of the respective 
55 hemolysate samples. The mixtures were incubated at 37°C for 5 minutes. Then, 0.045 mL of the following redox solution 
F was further added, and the resultant mixtures were incubated at 37°C for 2 minutes. Thereafter, the absorbance of 
the respective reaction solutions was measured at the main wavelength of 751 nm and the sub-wavelength of 805 nm. 
The absorbance thus measured corresponds to the amount of glycated hemoglobin. Because the amount of the reaction 
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solutions varies depending on the amount of the plasma fractions added thereto, the absorbances shown in Table 4 
are the values that have been corrected to show the absorbances per equivalent amounts of the respective reaction 
solutions. 

s (Hemolysis Reagent) 



[00901 





Polyoxyethylene lauryl ether 


9g/L 


10 


CHES buffer (pH 9.4) 


1 00 mmol/L 



(Metalloproteinase Reagent: pH 5.5) 



,5 



Metalloproteinase (Toyobo Co., Ltd.) 

WST-3 (Dojindo Laboratories) 

MES 

CaCI2 

NaCI 


4000 KU/L 
2 mmol/L 
5 mmol/L 
5 mmol/L 

50 mmol/L 


* WST-3: 2-(4-iodophenyi)-3-(2,4-dinitrophenyi)-5-(2.4-disuifophenyl)-2 

salt 


-i-tetrazollum monosodium 



(Redox Solution F) 
[0092] 



FAOD 


30 KU/L 


POD 


90 KU/L 


DA-64 


0.06 mmol/L 


Phosphate buffer (pH 7.0) 


200 mmol/L 



(Table 4) 



Added Amount of Plasma fraction (mL) 


Healthy subject 


Diabetic subject 1 


Diabetic subject 2 


0 


0.0215 


0.0283 


0.0348 


0.005 


0.0216 


0.0278 


0.343 


0.010 


0.0196 


0.0283 


0.350 


0.015 


0.0204 


0.0289 


0.354 


0.020 


0.0212 


0.0288 


0.359 



45 [0093] As can be seen from Table 4, even when the plasma fractions were added to the blood cell fractions to give 
different concentrations, the resultant absorbances differed only slightly. These results demonstrate that, according to 
the method of the present invention, the amount of glycated hemoglobin can be determined without being affected by 
the glycated proteins present in plasma. 

so Industrial Applicability 

[0094] As specifically described above, according to the method of present invention, a ratio of glycated hemoglobin 
in a whole blood sample can be determined easily and accurately without separating plasma and blood cells in the 
whole blood sample. Further, since there is a strong correlation between an amount of glycated hemoglobin detennined 
55 by the method of the present invention and an amount of HbA1c, by preparing a calibration curve based on this cor- 
relation in advance, it becomes possible to detemnine an amount of HbA1c in a whole blood sample accurately and 
easily by merely detemnining the amount of glycated hemoglobin in the whole blood sample. Therefore, by applying 



13 



Best Available Copy 



EP 1 304 385 A1 

the method of the present invention in the field of clinical tests etc., for example, it becomes possible to evaluate a 
large number of subjects easily, which further increases the reliability and the Importance of glycated hemoglobin, 
especially HbA1c, as an index for the diagnosis and the lil<e of diabetes. 



Claims 

1. A method of determining an amount of glycated hemoglobin comprising: 

degrading glycated hemoglobin in whole blood selectively with a protease to give a glycated hemoglobin deg- 
radation product; 

causing, a redox reaction between a glycatlon site of the glycated hemoglobin degradation product and a 
fructosyl amino' acid oxidoreductase; and 

determining the redox reaction to determine an amount of the glycated hemoglobin. 

2. The method according to claim 1 , 

wherein the protease is a protease capable of selectively degrading the glycated hemoglobin. 

3. The method according to claim 2, 

wherein the protease is at least one protease selected from the group consisting of bromelains, papains, 
trypsins derived from porcine pancreas, metalloproteinases, and proteases derived from Bacillus subtilis. 

4. The method according to claim 1 , 

wherein the glycatlon site of the glycated hemoglobin degradation product to react with the fructosyl amino 
acid oxidoreductase Is a glycated amino group in a side chain of an amino acid residue. 

5. The method according to claim 4, 

wher'ein the glycated amino group in the side chain of the amino acid residue is a glycated amino group in 
a side chain of at least one of a lysine residue and an arginine residue. 

6. The method according to claim 1 , 

wherein detemninlng the redox reaction is determining an amount of hydrogen peroxide generated by the 
redox reaction or an amount of oxygen consumed by the redox reaction. 

7. The method according to claim 6, 

wherein the amount of the hydrogen peroxide is detemnined using a peroxidase and a substrate that develops 
color by oxidization. 

8. The method according to claim 7, 

wherein the substrate that develops color by oxidization is N-(carboxymethylaminocarbonyl)-4,4'-bis(dimeth- 
ylamino)dlphenyiamine sodium. 

9. The method according to claim 1 , 

wherein the protease is added to the whole blood so that a content of the protease per milliliter of the whole 
blood is in a range from 1 ,000 to 1 0,000,000 U. 

10. The method according to claim 1 , 

wherein a substrate of the fructosyl amino acid oxidoreductase is at least one glycated amine selected from 
the group consisting of glycated proteins, glycated peptides, and glycated amino acids, and 

the fructosyl amino acid oxidoreductase acts on at least one of a glycated a-amino group and a glycated 
side-chain amino group of the glycated amine to catalyze a reaction that causes generation of hydrogen peroxide. 

11 . The method according to claim 1 , 

wherein the fructosyl amino acid oxidoreductase Is added to the whole blood so that a content of the fructosyl 
amino acid oxidoreductase per milliliter of the whole blood is in a range from 500 to 40,000 U. 

12. The method according to claim 1 , 

wherein a sample to be used in the method is whole blood that has been subjected to a hemolysis treatment. 
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13. A method of determining an amount of HbAlc comprising: 

preparing a caiibration curve based on a correlation between an amount of glycated hemoglobin determined 
by the method of detemnining an amount of glycated hemoglobin according to any one of claims 1 to 12 and 
an amount of HbAlc; and 

substituting the amount of glycated hemoglobin in a whole blood sample determined by the method into the 
calibration curve to determine an amount of l-ibAlc in the whole blood sample. 

14. The method according to claim 13, 

wherein the calibration curve is prepared based on a correlation between a known amount of HbAlc in a 
standard sample and an amount of glycated hemoglobin in the standard sample determined by the method ac- 
cording to any one of claims 1 to 1 2. 

15. A kit used for detemiining an amount of glycated hemoglobin comprising: 

a protease that distinguishes a glycated hemoglobin from other proteins and peptides to degrade the glycated 

hemoglobin selectively. 

16. The kit according to claim 15, 

wherein the protease is at least one protease selected from the group consisting of bromelains, papains, 
trypsins derived from porcine pancreas, metalloproteinases, and proteases derived from Bacillus subtilis. 

17. The kit according to claim 15, further comprising a fructosyl amino acid oxidoreductase. 

18. The kit according to claim 17, 

wherein a substrate of the fructosyl amino acid oxidoreductase is at least one glycated amine selected from 
the group consisting of glycated proteins, glycated peptides, and glycated amino acids, and 

the fructosyl amino acid oxidoreductase acts on at least one of a glycated a-amino group and a glycated 
side-chain amino group of the glycated amine to catalyze a reaction that causes generation of hydrogen peroxide. 

19. The kit according to claim 1 8, further comprising a peroxidase and a substrate that develops color by oxidization. 

20. The kit according to claim 19, 

wherein the substrate that develops color by oxidization Is N-(carboxymethylaminocarbonyl)-4,4'-bls(dlmeth- 
ylamino)diphenylamine sodium. 

21 . A reagent used for determining an amount of glycated hemoglobin comprising: 

a protease that distinguishes a glycated hemoglobin from other proteins and peptides to degrade the glycated 
hemoglobin selectively. 

22. The reagent according to claim 21 , 

wherein the protease is at least one protease selected from the group consisting of bromelains, papains, 
trypsins derived from porcine pancreas, metalloproteinases, and proteases derived from Bacillus subtUis. 

23. The reagent according to claim 21 , further comprising a fructosyl amino acid oxidoreductase. 

24. The reagent according to claim 23, 

wherein a substrate of the fructosyl amino acid oxidoreductase is at least one glycated amine selected from 
the group consisting of glycated proteins, glycated peptides, and glycated amino acids, and 

the fructosyl amino acid oxidoreductase acts on at least one of a glycated a-amino group and a glycated 
side-chain amino group of the glycated amine to catalyze a reaction that causes generation of hydrogen peroxide. 

25. The reagent according to claim 24, further comprising a peroxidase and a substrate that develops color by oxidi- 
zation. 

26. The reagent according to claim 25, 

wherein the substrate that develops color by oxidization is N-(carboxymethylaminocarbonyl)-4,4'-bls{dimeth- 
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FIG. 1 
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